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A decline in the relative price of imported goods compared to that of domestically produced
goods, e.g., caused by domestic currency appreciation, may have different effects on domestic
consumption. Such effects may not be accurately detected and measured in a classical
permanent-income model without considering consumption habit formation as pointed out by
Nishiyama (2005). To resolve this problem, this paper employs an extended permanent-income
model which encompasses consumption habit formation. Both cointegration analysis and GMM
are used to estimate the (modified) intertemporal elasticities of substitution (IES) between
imports and domestic consumption and the parameters of habit formation as well as the
(modified) intratemporal elasticities of substitution (AES). We find that import and domestic
consumptions are complements in China, but substitutes in Japan and Korea. Different per capita
incomes and consumer behaviors between China and the other two countries are two possible
reasons for different relationships between import and domestic consumptions.







Imports and domestic consumption
China, Japan and Korea
1. Introduction
Chinese currency (RMB exchange rate) has experienced an appreciation recently, reducing the relative price of imported
goods compared to that of domestically produced goods, which may have different effects on domestic consumption.
Furthermore, as we know, the relationship between import and domestic consumption will depend on the level of disposable
income and consumer preference.1 Therefore, we choose three countries, China, Japan and Korea for a comparison as these
countries have different levels of disposable incomes but similar consumption habit, saving behavior and oriental cultural
conditions. Their clear similarities and differences present an excellent case study on the relationship between imports and
domestic consumption with an international perspective.
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1 Consumption power depends on the level of disposable incomes. This implies that if import consumption contains less luxurious goods than domestic
consumption, there should be little difference between imported and domestically produced goods, producing more powerful intratemporal substitution effects
between import and domestic consumption. On the other hand, Chinese, Japanese and Korean residents have similar consumption habit, such as high savings and
reluctance to use credits for excessive consumption. Therefore, through comparing the consumption patterns of consumers in China, Japan and South Korea, it is
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A decline in the prices of imported goods (imports) has two counteractive effects on the current demand for domestically
produced goods (domestic consumption). First, it raises demand for imported goods and crowds out domestic consumption. This
is the so-called intratemporal substitution effect. Second, as imported goods become cheaper, real current income rises, leading to
higher domestic consumption in the current period at the expense of future consumption. This is the so-called intertemporal
substitution effect or income effect.
Whether the intratemporal and intertemporal effects will lead to a net crowding out of domestic consumption will depend on
the relative sizes of the intratemporal elasticity of substitution (AES, hereafter for convenience) and the intertemporal elasticity of
substitution (IES, hereafter for convenience) of domestic consumption. 2 If AES is larger than IES, a decline in the prices of
imported goods will reduce domestic consumption, or vice versa. It is worth noting that a decline in the relative prices of
imported goods vis-a-vis domestically produced goods can be caused by domestic currency appreciation. As a result, the empirical
results from this study will have some useful implications on foreign exchange policy or other price reforms.
Some empirical studies have investigated IES of both imports and domestic consumption in a rational framework based on a
Life Cycle/Permanent Income Model (LCPIM). Ceglowski (1991), for example, investigates the role of intertemporal substitution
in US import demand using a model of import consumption based on LCPIM, and estimates the intertemporal elasticity for
imports to be about 0.8, while the implied relative price elasticity of import consumption to be about 1. These results indicate that
import consumption may respond to changes in their intertemporal prices, as well as changes in their price relative to that of
domestic substitutes.
Clarida (1994) employs a simple rational-expectation permanent-income model to derive a structural econometric
specification of demand for imported consumer goods. He estimates the average long-run price elasticity of import demand to
be −0.95 using a cointegrating approach. The average elasticity of import demand with respect to a permanent increase in real
spending was 2.15. Amano andWirjanto (1996) examine the importance of intertemporal substitution in US import consumption
using a model of permanent income that allows for random preference shocks and additive separability of a utility function. Using
a cointegration approach, they show that IES for domestic and import consumption were 0.6 and 0.9, respectively. Using the GMM
approach, the estimated IES were 1.4 and 4.3, respectively. However, the J-test tends to reject the model which indicates that IES
estimated from GMM appears implausible. The empirical results show that IES estimated from intratemporal optimality condition
and from Euler equations are hardly equal.
Nishiyama (2005) argues that, the existence of heterogenous agents, the rich and the poor, and habit formation in the
economy seem to explain this empirical dilemma. On the other hand, Muellbauer (1988), Eichenbaum, Hansen, and Singleton
(1988), Ferson and Constantinides (1991), Ogaki and Park (1997) and Croix and Urbain (1998) all find that habit formation helps
to account for consumption dynamics and explains why empirical data frequently reject the life cycle hypothesis.
Habit formation is one form of time-non-separability, which means that the level of consumption is easy to be adjusted
upward, but difficult to be adjusted downward. Just like the ancient Chinese proverb “it's easier to go from rags to riches than
riches to rags”. The idea of introducing habit formation into the utility function can date back to Duesenberry (1949). He assumes
that utility in each period not only depends on current consumption, but also on past consumption. Therefore, habit formation can
measure the change of consumption on the utility, and describe the irreversibleness of consumption.
Croix and Urbain (1998) extend previous work done by Clarida (1994) and Ceglowski (1991) by considering a two-good
version of the lifecycle model introducing time-non-separability in household's preferences, and then use quarterly data for USA
and France to test the model. With the information contained in the observed stochastic and deterministic trends, they derive a
cointegration restriction to estimate curvature parameters of the instantaneous utility function. The remaining parameters are
estimated in a second step by GMM. The constancy of different parameters is investigated both in the long run and in the short
run. Habit formation turns out to be an important factor of import demand, and negligence of habit formation may lead to
frequent rejection of the lifecycle hypothesis.
In order to deal with inconsistent IES estimated from intratemporal optimality condition and from Euler equations, Nishiyama
(2005) proposes the cross-Euler equation approach as a prescription for this empirical dilemma, and finds that the Euler equation
for domestic non-durable goods is mis-specified, while the Euler equation for imported non-durable goods is somehow correctly
specified. Croix and Urbain (1998) and Nishiyama (2005) introduce habit formation into the permanent income hypothesis
model and find that habit formation turns out to be an important factor for both import and domestic demands.
In this paper, we first extend the classical permanent-income model by introducing habit formation. Our theoretical model
will be more realistic and robust to avoid the empirical dilemma described by Nishiyama (2005). If the parameters of habit
formation are set to zero, the model degenerates to the classical model employed by Ceglowski (1991), Clarida (1994), Amano
and Wirjanto (1996) and Xu (2002).
We then investigate whether import demand crowds out domestic demand in China, Japan and Korea. Following Cooley and
Ogaki (1996), a two-step procedure is used. In the first step, a cointegration approach is used to estimate the cointegrating
estimators of IES of import and domestic demands. In the second step, the estimated parameters derived from the first step are
plugged into a Euler equation, and use GMM to estimate the parameters of habit formation of import and domestic demands.
2 In Section 2, we can see that the IES and AES have to be modified based on habit formation. When habit formation is encompassed, we define them as
modified IES and modified AES.
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The empirical results show that import and domestic consumptions are complements in China, but substitutes in Japan and
Korea. It suggests that lower per capita incomes and different consumption behavior of Chinese consumers from their Japanese
and Korean counterparts may explain this difference.
The rest of this paper is organized as follows. Section 2 describes the theoretical model incorporating habit formation into a
classical two-good permanent income model. Section 3 presents the structural econometric methodology, and methods to
calculate Marshallian price elasticities, expenditure elasticities and modified IES, and then discusses their implications on the
relationship between import and domestic demands. Section 4 provides the empirical data used in this paper. Section 5 reports
the empirical results and analyzes whether imports crowd out domestic consumption in China, Japan and Korea. Section 6
concludes.
2. Theoretical model
Ceglowski (1991), Clarida (1994), Amano and Wirjanto (1996) and Xu (2002) employ a two-good permanent income model
with additively separable preferences to derive a structural econometric equation and then take full advantage of the well-
developed theory of cointegration to investigate the relationship between imported and domestically-produced goods. However,
there would be an empirical dilemma, as the intertemporal elasticity of substitution parameters estimated from the intratemporal
optimality condition and from Euler equations is inconsistent. Nishiyama (2005) argues that the existence of heterogenous
agents, the rich and the poor, and habit formation in the economy seem to explain this puzzle.
In order to overcome this problem, we introduce habit formation into the additively separable instantaneous utility function of
the representative household. Consumer utility in each period depends on both the current and the previous period domestic and
import consumptions. Our two-good permanent income model is based on Muellbauer (1988) and Croix and Urbain (1998),
where the instantaneous utility function of the representative household is defined as follows.3
u Dt ; F

t




1−υ if ρ≠ υ≠1
ln Dt þ ln Ft if ρ ¼ υ ¼ 1
8<: ð1Þ
where Dt*=(1−γ)−1(Dt−γDt−1) and Ft*=(1−δ)−1(Ft−δFt−1) are the total flows of domestic and import consumptions,
respectively. γ(∈[−1,1)) and δ(∈[−1,1)) index the importance of habit formation of domestic and import consumptions. If they
are positive, the larger the values are, the greater the impact does previous consumption have on current utility. In order to
maximize his or her expected lifetime utility under a lifetime budget constraint, a representative agent would choose to smooth
consumption over the whole lifetime. If they are negative, indicating that the goods present some durability (Ferson &
Constantinides, 1991), in which case previous consumption still contributes to current utility. Note that, we only consider the
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where E0 is an expectation operator based on period zero information, β a subjective discount factor, PtF and PtD respectively
denote prices of imported and domestically- produced goods. Assuming Pt=PtF/PtD, we can derive the lifetime budget constraint of
the agent as follows:
Atþ1 þ Dt þ PtFt≤Yt þ 1þ rtð ÞAt ð3Þ
where At is the real assets held by the household at time t, Yt is the stochastic labor income at timet, rt stands for real interest rate
from period t to t+1. Using the Lagrangian approach to solve the above optimal problem, we can obtain an intratemporal























3 Ogaki (1992) points out that the long-run restriction implied by the max problem (1) is still valid under a concave transformation of Eq. (1), Okubo (2008)
also prove that the long-run condition of CES-type (i.e., non-separable but homothetic) utility function is the same to additively separable utility from. It should
be noted that under additively separable specification, 1/ρand 1/υ can be interpreted as the IES of domestic and imported goods without habit formation,
respectively. The additively separable utility function has been estimated in a number of previous studies of inter-temporal substitution problem, including
Ceglowski (1991), Clarida (1994), Amano and Wirjanto (1996), Xu (2002), Croix and Urbain (1998) and Nishiyama (2005).
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The above model has two advantages. Firstly, it generalizes the classical model of consumer behavior used in Ceglowski (1991)
and others to allow for richer dynamics. In particular, under this scheme, as to the existence of habit formation, current import
consumption can be substituted for current domestic consumption (intratemporal substitution) or future import consumption
(intertemporal substitution). In fact, if the parameters of habit formation are set to zero, the model degenerates to a classical
model in Ceglowski (1991).
Secondly, the model is more realistic by introducing habit formation, as it is one form of time non-separable preferences which
are found to be important factors considered by socio-psychologists (Ainslie, 1975; Argyle, 1987; Lang, 1983). They suppose that
unless the consumers are psychotic, the adjustment of consumption takes time and occurs intermittently. Campbell and Cochrane
(1999) also point out that habit formation captures a fundamental feature of psychology: repetition of a stimulus diminishes the
perception of the stimulus and responses to it. Therefore, habit formation means that the level of consumption is easy to be
adjusted upward, but difficult to be adjusted downward. In order to model this psychological feather, in our framework, we
assume that current utility in each period not only depends on current consumption, but also on past consumption, and we also
assume that habit changes gradually in response to changes in consumption and agents are interested in smoothing quasi
differences between consumption and habits.
Furthermore, the static first-order condition and Euler equations derived from this model would be more robust to avoid the
empirical dilemma described by Nishiyama (2005).
3. Structural econometric equation and methodology
Taking logarithms on both sides of Eq. (4) and adopting the linear approximation of first-order Taylor's expansion proposed by
Muellbauer (1988), we have,4
ρ lnDt− lnPt−υ lnFt þ c ¼
υ
f þ 1−δð Þ=δ lnFt−
ρ









þ o lnDtð Þ þ o lnFtð Þ ð6Þ
where c=ln[(1−γ)/(1−δ)], o(ln Dt) and o(ln Ft) denote higher order terms of ln Dt and ln Ft, respectively. g and f respectively
stand for the average lnDt and lnFt . ln Pt, ln Ft and ln Dtare cointegrated in Eq. (6), as long as these variables are I(1).5 In that case,
lnDt and lnFt are I(0) and the right hand side variables in Eq. (6) are covariance stationary or ingredients of stochastic
disturbance.6
Based on Engle and Granger (1987)'s two step method, the asymptotic distribution of GMM estimators in the second step are
independent of the first step estimators since the estimated ρ and υ converge faster than the GMM estimators.7 In analogy to
Cooley and Ogaki (1996), our first step takes the right hand side of Eq. (6) as disturbance term εt with a cointegrating approach to
estimate the cointegrating estimators of IES of import and domestic consumptions. Our second step plugs in the estimated values
from the first step into a Euler Eq. (5), and uses GMM to estimate the parameters of habit formation for import and domestic
consumptions.
In order to make the estimated parameters have richer economic meaning, we transform Eq. (6) according to Clarida (1994,
1996), Croix and Urbain (1998) and Nishiyama (2005). The first step cointegrating relationship is given by






lnPt þ εt ð7Þ
where c′=−c/ρ, εt is I(0) with mean zero. 1/ρ denotes IES between domestic consumption and imports, υ/ρ stands for their
intratemporal elasticity of substitution (AES). All these parameters are used to calculate the Marshallian price elasticity of
imported goods and expenditure elasticities of imported and domestically-produced goods.
4 The nonlinear rational expectations model (Eq. 4) can be estimated by nonlinear instrumental variables (Hansen, 1982), however, as pointed out by Bowden
and Turkington (1984), the results will be quite sensitive to the instruments and may not capture the nonlinearity. In order to overcome this problem, we adopt
the linear approximation to derive intratemporal condition, the advantages of using first-order Taylor's expansion is pointed out and discussed by Muellbauer
(1988).
5 In this paper, data for China, Japan and Korea seem to support this assumption.
6 Appendix A gives the detail of the corresponding empirical evidence.
7 The advantages of using a cointegrating approach to estimate the preference parameters of the utility function are pointed out and discussed by Ogaki (1992)
and Ogaki and Park (1997).
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In an additively separable utility function, according to Ogaki (1992) and Nishiyama (2005), the Marshallian expenditure
elasticity of domestic goods is given by





 	h i−1 ð9Þ
where s=PtDDt/(PtDDt+PtFFt) denotes the share of spending on domestic goods. Thus, the Marshallian expenditure elasticity of
domestic goods, in analogy to the Marshallian price elasticity and expenditure elasticity of imported goods, is also time-varying.
In the second step, estimated coefficients obtained from Eq. (7) are plugged into a Euler Eq. (5). GMM is then used to estimate
the parameters of habit formation of import and domestic consumptions.
When habit formation is allowed for, the intertemporal choice becomes more complex. Now, the agents recognize the impact
of current choices on their future tastes as to the existence of habit formation, which will render 1/ρ and 1/υ invalid to measure
IES of domestic and import consumption (Constantinides, 1990). However, Boldrin, Christiano, and Fisher (1995) and Croix and
Urbain (1998) construct IES in a deterministic framework, which is modified by habit formation, or defined as modified IES.
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where βis a subjective discount factor, a and b are modified factors, γ and δ denote habit formation of domestic and import
consumptions, respectively. g and f respectively stand for the average lnDt and lnFt . Note that ~υ=~ρ is the modified AES between
import and domestic consumptions.
According to Amano, Ho, and Wirjanto (1998) and Nieh and Ho (2006), there are three testable implications on the
relationship between import and domestic consumptions.
(a) If 1=~ρ > ~υ=~ρ, import consumption and domestic consumption are complements, under which, the modified IES of domestic
consumption is larger than the corresponding modified AES.
(b) If 1=~ρb~υ=~ρ, import consumption and domestic consumption are substitutes, under which, the modified IES of domestic
consumption is less than the corresponding modified AES.
(c) If 1=~ρ ¼ ~υ=~ρ, import consumption and domestic consumption are independent, or unrelated.
4. Data
This paper uses data from 1994M01 to 2010M04 (196 observations) for China and Japan. Due to missing observations, Korean
data only covers the period 1995M01–2010M04 (184 observations). Monthly data are seasonally adjusted by X-12ARIMA.
Monthly data are constructed in constant US dollars for imports of food and direct consumer goods for Japan, and imports of
Consumer Goods for Korea.9 As direct import consumption goods data for China are unavailable, they are indirectly obtained
using information provided by the United Nations Statistics Division. According to the correspondence between Standard
International Trade Classification (SITC) Revision 3 and Broad Economic Categories (BEC), data are derived from 19 BEC basic
categories. According to the correspondence between BEC with the basic classes of goods in the System of National Accounts
(SNA), data are derived for consumption goods, intermediate goods and capital goods in SNA.10
Per capita nominal or real values are obtained by dividing the respective total nominal values by total population. All real
values are measured in constant 2005 US dollar prices.11 As data for domestic goods are unavailable, following Clarida (1994),
8 Proofs for Eqs. (8), (9) and (10) are available on request, or see Clarida (1994), Croix and Urbain (1998), Ogaki (1992) and Nishiyama (2005).
9 “Food and Direct consumer goods” means imported goods, such as food and clothing, that satisfy human wants through their direct consumption or use,
rather than those required for the production of other goods or services, providing by CEIC global database and Japan Tariff Association. “Total consumption”
means the sum of imported and domestic consumption.
10 United Nations Statistics Division website and data Appendix B provide the detail of correspondence between SITC and BEC, BEC and SNA. Website: http://
unstats.un.org/unsd/cr/registry/regdnld.asp?Lg=1.
11 As China has not yet published Import Price Index of consumer goods and Producer Price Index of manufactured products monthly fixed base index, this
paper uses China's Import Price Index of consumer goods and Producer Price Index of manufactured products monthly year-on-year index and seasonally
adjusted index to construct China's Import Price Index of consumer goods and Producer Price Index of manufactured products monthly fixed base ratio index
(with 2005 as the base year).
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they are constructed by subtracting per capita import consumption from per capita total consumption (DNt), which is obtained
from dividing total retail sales by total population. Thus, per capita real domestic consumption is defined as follows.
Dt ¼ DNt−PFt Ft
 	
=PDt ð11Þ
where DNt is nominal per capita consumption expenditures, Ft per capita import consumption, PtF implicit price index of imported
consumer goods and PtD producer price index of domestic consumer goods.12 The relative pricePt is defined as the ratio PtF/PtD. Real
interest rate is defined as the difference between inflation rate and Interbank Offered Rate for China or 1-month government bond
yield for Japan and Korea.
All the data are collected from IMF, China Custom Statistics, China's Economic Internet Database (CEInet), China's External
Trade Indices, The People's Bank of China, Bank of Japan and CEIC Global Database.
5. Empirical results
Summary statistics are reported in Table 1. The share of spending on domestic goods in China is larger than that in Korea, but
smaller than that in Japan. China's domestic consumption increases more than Korea's and Japan's. While Korea's import
consumption increases more than China's and Japan's. One noticeable difference among the three countries is that Japan's relative
price (ln Pt) declines significantly. Among the three countries, Korea has the highest real interest rate and Japan the lowest.
Table 2 presents the results of ADF and PP tests, the critical values for ADF and PP tests are given by MacKinnon (1996). In both
methods, a constant term is included in the level equation but not in the first difference one. Besides, lag order for ADF test is
selected by the SC criterion, while bandwidth for PP test is selected by Newey and West (1994).
12 We use Import Price Index for Japan and Korea, and Import Price Index of consumer goods for China. Producer Price Index for Japan and Korea, and Producer
Price Index of manufactured products for China.
Table 1
Summary statistics of selected variables.
Coun. V Average Std. dev. Minimum Maximum Obs
China lnDt 0.011 0.0741 −0.257 0.213 195
lnFt 0.004 0.200 −0.983 0.503 195
lnPt 0.005 0.056 −0.153 0.163 195
rt 0.42% 0.003 0.04% 1.06% 196
s 92.36% 0.025 84.07% 97.45% 196
Japan lnDt 0.0002 0.114 −0.304 0.264 195
lnFt −6.05E−05 0.121 −0.728 0.586 195
lnPt −0.002 0.025 −0.062 0.118 195
rt 0.14% 0.001 0.04% 0.35% 196
s 96.12% 0.006 91.68% 97.39% 196
Korea lnDt 0.002 0.065 −0.181 0.151 183
lnFt 0.005 0.114 −0.428 0.345 183
lnPt 0.002 0.028 −0.096 0.162 183
rt 0.63% 0.003 0.04% 0.33% 184
s 85.42% 0.023 77.49% 91.12% 184
Note: (1) s=PtDDt/(PtDDt+PtFFt) denotes the share of spending on domestic goods.
(2) The unit of import and domestic consumption is US$ million.
Table 2
Unit root test results.
V Levels 1st difference
ADF PP ADF PP
Mode Stat. Mode Stat. Mode Stat. Mode Stat.
China ln Dt (C,N,13) −0.58 (C,N,12) −0.41 (N,N,12) −2.95 (N,N,8) −13.80
ln Ft (C,N,13) 0.39 (C,N,5) 0.88 (N,N,12) −5.67 (N,N,37) −28.67
ln Pt (C,N,3) −1.60 (C,N,4) −2.25 (N,N,2) −12.59 (N,N,12) −25.62
Japan ln Dt (C,N,13) −1.49 (C,N,8) 0.22 (N,N,12) −4.13 (N,N,11) −81.42
ln Ft (C,N,11) −0.18 (C,N,4) −0.06 (N,N,10) −9.28 (N,N,37) −40.08
ln Pt (C,N,1) −1.97 (C,N,0) −1.30 (N,N,0) −8.74 (N,N,6) −8.41
Korea ln Dt (C,N,12) −1.37 (C,N,14) −2.33 (N,N,11) −3.14 (N,N,92) −25.78
ln Ft (C,N,2) −2.72 (C,N,6) −1.37 (N,N,1) −13.71 (N,N,25) −20.15
ln Pt (C,N,1) −2.20 (C,N,3) −1.81 (N,N,0) −9.94 (N,N,11) −9.52
5% critical values −2.88 −2.88 −1.94 −1.94
Notes: ADF test based on (C,T,K), C = constant, T = trend, K = lag order. PP test based on (C,T,B), B = bandwidth.
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The tested results suggest that the null hypothesis of a unit root cannot be rejected at the 5% critical level. The results of ADF
and PP tests suggest that ln Dt, ln Ft and ln Pt are I(1).
As all the concerned variables are I(1), the fully modified ordinary least squares (FMOLS) and dynamic ordinary least squares
(DOLS) are used to estimate the long-run cointegrating parameters. According to Phillips and Hansen (1990), Hansen (1992,
2002) and Stock and Watson (1993), FMOLS13 and DOLS estimators possess the same limited distribution as the full information
maximum likelihood estimators and hence are asymptotically optimal. Where FMOLS is based on semi-parametric corrections for
endogeneity and serial correlation, by increasing leads and lags of the first differences in the regression can also correct
endogeneity and serial correlation. Hence, DOLS estimators are superconsistent and the properly rescaled t andWald statistics for
hypotheses about estimators have the conventional asymptotic distributions (standard normal and chi squared). The proper
rescaling is to multiply the usual t value by s=λ̂
 	
and the Wald statistics by s=λ̂
 	2
.14
Engle and Granger (1987) suggest applying the ADF t-test to the residuals in order to test for the null hypothesis of no
cointegration. The sixth column in Table 3 gives the results. No drift is included in the test equation for the level residuals. The test
results reject the null hypothesis of no cointegration, meaning that ln Dt, ln Ft and ln Pt are cointegrated. The Lc statistics cannot
reject the null hypothesis of variables cointegrated at the 1% critical level based on FMOLS.
Overall, the results presented in Table 3 are encouraging. They show that the estimated parameters for ln Pt and ln Ft from the
two approaches are statistically significant with a priori expected signs. We also find that the estimators are little different from
each other by the two approaches.
The FMOLS estimates of IES of domestic consumption for China, Japan and Korea are respectively 1.983, 0.252 and 0.370 and
the respective AES between import and domestic consumption are 0.930, 0.786 and 0.610. The DOLS estimates of IES of domestic
consumption are respectively 1.891, 0.291 and 0.343 for China, Japan and Korea and the respective AES between import and
domestic consumption are 0.946, 0.878 and 0.540.
These estimated cointegration parameters show that China not only has the largest IES, but also the largest AES. The IES of
import consumption can be obtained by dividing the IES of domestic consumption by the AES between import and domestic
consumption. The results are given in the eleventh column of Table 3. Obviously, China has the largest IES of domestic
consumption. In the second stage, the estimated parameters (1=ρ̂ and 1=υ̂) from the cointegration analysis are plugged into a
Euler Eq. (5) and GMM is used to estimate the parameters of habit formation for import and domestic consumptions.
The columns SupF andMeanF are derived to test for the consistency of parameters with asymptotic critical values provided by
Hansen (1992, 2002). The test results cannot reject the null hypothesis of parameter consistency at the 1% level in all regression
models.
13 The FMOLS and FM-IV methods in the Phillips and Hansen (1990) and Hansen (1992) were developed for the case where the regressors are all I(1). However,
Kitamura and Phillips (1997) develop both GIVE and GMM procedures which are applicable in models where the regressors are possibly non-stationary but
neither the number nor the location of the unit roots needs to be known a priori. That's to say, I(1)+ I(0) regressors and even only stationary regressors, can be
estimated in models by FM-GIVE and FM-GMM method.
14 Where s is standard error when using OLS to regress Eq. (7). A consistent estimate of λ̂ is obtained as follows: ε̂ t is residuals of OLS regression on Eq. (7), fitting
an AR(p) process to the residuals, from ε̂ t ¼ ρ1 ε̂ t−1 þ ρ2 ε̂ t−2 þ…þ ρp ε̂ t−p þ et , where t=p+1,…,T, and then use AIC to pick the lag length. Given
σ̂ 2 ¼ 1T−p
PT
t¼pþ1
ê2t , then we can deriveλ̂
2 ¼ σ̂ 2
1−ρ̂1−…−ρ̂pð Þ2 .
Table 3
Cointegration regression results: DOLS and FMOLS of Eq. (7).
Method Cst. ln Pt ln Ft ADF Lc SupF MeanF Implied IES
1=ρ̂ 1=υ̂
China DOLS 2.869 1.891 0.946 −3.24 – – – 1.891 1.999
(1.52) (7.08) (1.66)
FMOLS 2.939 1.983 0.930 −4.38 0.323 2.622 6.205 1.983 2.132
[0.14] [0.20] [0.20](2.65) (8.47) (2.77)
Japan DOLS 4.140 0.291 0.878 −1.80 – – – 0.291 0.331
(4.49) (3.03) (7.70)
FMOLS 4.884 0.252 0.786 −2.28 0.684 6.610 14.10 0.252 0.321
(7.84) (3.19) (10.21) [0.01] [0.04] [0.10]
Korea DOLS 6.726 0.343 0.540 −2.53 – – – 0.343 0.635
(15.43) (4.34) (13.17)
FMOLS 5.981 0.370 0.610 −2.86 1.035 7.164 13.77 0.370 0.606
(6.21) (2.03) (6.78) [0.01] [0.03] [0.11]
1% critical values of test for parameter instability 1.03 8.50 18.6
Note: (1) Numbers in parentheses are t-values, 10%, 5% and 1% critical values are respectively 1.65, 1.96 and 2.58. Numbers in square brackets are p-values.
Critical values of Lc, SupF and MeanF see Hansen (2002). (2) FMOLS estimates are based on VAR(1) prewhitening procedure and Pazrzen kernel. DOLS estimates
are based on one lead and one lag of first differences. (3) 1=ρ̂ and 1=υ̂ are respectively implied IES of domestic and import consumption based on Eq. (7). (4) Null
hypothesis of ADF test is no cointegration.
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Hansen (1992, 2002) constructs a test for cointegrating parameters stability on the basis of FMOLS estimation. The SupF test is
in the spirit of traditional Chow tests. The procedure is as follows. It first calculates a standard Chow F-statistics for a fixed break





SupF statistics sequence is used to test for cointegrating parameter stability in order to see how a policy shock, e.g., exchange
rate adjustment, affects estimated results. The test results are given in Figs. 1 to 3 for China, Japan and Korea, respectively.
Figs. 1 to 3 outline the sequences of Ft/T in the interval [0.15, 0.85]. The tests do not reject the null hypothesis of cointegrating
parameters instability at the 5% level for all three countries, indicating thatln Dt, ln Ft and ln Pt have a long-run and stable
cointegrating relationship.
Based on the estimated parameters (implied IES 1=ρ̂ and 1=υ̂ in Table 3), GMM is used to estimate the parameters of habit
formation of import and domestic consumptions. The results are given in Table 4. In addition, the following vectors are used as
instruments:
Instruments Lagged one period=(constant, trend, Dt/Dt−1, Ft/Ft−1, Pt−1/Pt and 1+rt−1)′
Instruments Lagged two periods=(constant, trend, Dt/Dt− 1, Ft/Ft−1, Pt−1/Pt, 1+ rt−1, Dt− 1/Dt−2, Ft− 1/Ft−2, Pt−2/Pt−1 and
1+ rt−2)′
Following Amano and Wirjanto (1996), we set βChina=0.996,βJapan=0.999 and βKorea=0.994 according to the respectively
average of one's interest rate, and the consistent HAC covariance matrix is given by Newey andWest (1994), while the weight of the
auto-covariance is given by Quadratic Spectral (QS) kernel. J-test is Hansen's (1982) test for overidentifying restrictions,
asymptotically chi2 distributed with n degrees of freedom, where n is the number of overidentifying restrictions and is equal to
ten for all models.Waldγ=δ=0 is a test for the existence of habit formation with a null hypothesis H0:γ=δ=0. The corresponding
p-value is included in square brackets.
15 See Hansen (1992, 2002) for further detail.











5% Critical Value, SupF
Fig. 1. Constancy of the cointegration parameters, China: 1994:01–2010:04.











5% Critical Value, SupF
Fig. 2. Constancy of the cointegration parameters, Japan: 1994:01–2010:04.
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Hansen's J- test evaluates the extent to which the residuals are effectively orthogonal to the instrument set. It is clear that
Hansen's J- test does not reject the null hypothesis at the 1% level for all models, supporting the specification defined in Eq. (5).
Simultaneously, theWaldγ= δ=0 statistics rejects the null hypothesis, H0 :γ=δ=0, proving the significance of habit formation in
most cases. This also shows the limitation of the framework introduced by Ceglowski (1991), where γ=δ=0, and adds
encouragement to our model.
The estimated parameters γ and δ from different cases are statistically significant with expected signs using an instrument set
lagged one period. The estimated coefficients are little different from each other between the two cases. In Table 4, γ is estimated
to be 0.607, 0.614 and δ 0.109 to 0.096 for China, indicating that imported goods for China present some durability as defined by
Ferson and Constantinides (1991). Whereas γ is estimated to be 0.595–0.612 and δ 0.394–0.395 for Japan, and γ is estimated to be
0.624–0.627 and δ 0.365–0.404 for Korea. The estimated coefficients imply that in Japan and Korea, previous domestic
consumption has a greater impact on current utility than previous import consumption. In addition, China has the greatest habit
formation of domestic consumption among the three countries. All the parameters of habit formation would be used to estimate
the modified IES in Eq. (10).
Table 5 presents the Ljung–Box and ARCH-LM tests for the residuals from GMM estimation. Ljung–Box (p) is for pth-order
serial correlation in the residuals of an MAmodel. Ljung and Box (1978)'s modified Q*(m) statistic is introduced by Box and Pierce
(1970) to increase the power of the test. Ljung–Box statistics is given by Q mð Þ ¼ T T þ 2ð Þ∑ml¼1 ρ̂2l = T−lð Þ

 eχ2α mð Þ. Simulation
studies suggest thatm=ln(T) provides better power performance, andm is equal to five for all tests. The decision rule is to reject
H0 of absence of serial correlation if Q(m)>χα2. ARCH(p) LM is a standard Largrangian multiplier introduced by Engle (1982) to
test whether there is pth-order ARCH effects in the estimated residuals.
Table 4
Generalized method of moment (GMM) results of Eq. (5).
Coun. Instruments IES values based on Table 3 γ δ J- test Waldγ= δ=0
China Lagged one period 1=ρ̂=1.891, 1=υ̂=1.999 0.607⁎⁎⁎ −0.109⁎ 0.075 19,955
(0.004) (0.056) [0.999] [0.000]
1=ρ̂=1.983, 1=υ̂=2.132 0.614⁎⁎⁎ −0.096⁎ 0.074 20,738
(0.004) (0.055) [0.999] [0.000]
Lagged two periods 1=ρ̂=1.891, 1=υ̂=1.999 0.605⁎⁎⁎ −0.360⁎⁎ 0.137 17,972
(0.005) (0.167) [0.999] [0.000]
1=ρ̂=1.983, 1=υ̂=2.132 0.613⁎⁎⁎ −0.310⁎⁎ 0.137 19,124
(0.005) (0.145) [0.999] [0.000]
Japan Lagged one period 1=ρ̂=0.291, 1=υ̂=0.331 0.612⁎⁎⁎ 0.394⁎⁎⁎ 0.122 34,253
(0.004) (0.003) [0.999] [0.000]
1=ρ̂=0.252, 1=υ̂=0.321 0.595⁎⁎⁎ 0.395⁎⁎⁎ 0.122 33,310
(0.004) (0.002) [0.999] [0.000]
Lagged two periods 1=ρ̂=0.291, 1=υ̂=0.331 0.611⁎⁎⁎ 0.396⁎⁎⁎ 0.118 41,223
(0.003) (0.002) [0.999] [0.000]
1=ρ̂=0.252, 1=υ̂=0.321 0.590⁎⁎⁎ 0.396⁎⁎⁎ 0.118 41,501
(0.004) (0.002) [0.999] [0.000]
Korea Lagged one period 1=ρ̂=0.343, 1=υ̂=0.635 0.624⁎⁎⁎ 0.404⁎⁎⁎ 0.091 247,791
(0.001) (0.004) [0.999] [0.000]
1=ρ̂=0.370, 1=υ̂=0.606 0.627⁎⁎⁎ 0.365⁎⁎⁎ 0.073 256,639
(0.001) (0.010) [0.999] [0.000]
Lagged two periods 1=ρ̂=0.343, 1=υ̂=0.635 0.625⁎⁎⁎ 0.408⁎⁎⁎ 0.126 308,178
(0.001) (0.004) [0.999] [0.000]
1=ρ̂=0.370, 1=υ̂=0.606 0.622⁎⁎⁎ 0.397⁎⁎⁎ 0.151 192,272
(0.001) (0.006) [0.999] [0.000]
Note: Numbers in parentheses are standard errors. Numbers in square brackets stand for p-value. *Significant at 10%, ***significant at 1%.














5% Critical Value, SupF
Fig. 3. Constancy of the cointegration parameters, Korea: 1995:01–2010:04.
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These test results suggest that there is no serial correlation and ARCH effects in the estimated residuals for Japan and Korea,
and it is also true when we come to test the first equation for China. Whereas, there are serial correlation and ARCH effects in the
second equation for China. In short, according to the two tests, serial correlation and ARCH effects do not affect our GMM
estimation seriously. Therefore, the estimated results of GMM are credible and reliable. The robust tests also support the above
conclusions using an instrument set lagged two periods (see Tables 4 and 5).
In order to derive the relationship between import consumption and domestic consumption, we have to analyze the substitution
effect between the two types of goods. Since the share of spending on domestic goods (s) is time-varying, the Marshallian price
elasticity of imported goods calculated by Eq. (8) is in the range of −2.037 to −1.887 for China, −0.392 to −0.347 for Japan and
−0.748 to −0.676 for Korea. The price elasticity is also time-varying with the change of s.
As presented in Table 6, the average price elasticity of imported goods is −1.976, −0.357 and −0.708 respectively for China,
Japan and Korea. The estimated average price elasticities are different from those in Kee, Nicita, and Olarreaga (2008), whose
estimated import demand price elasticity is −2.54 based on HS six digit and −1.12 based on ISIC three digit for China, −4.05
based on HS six digit and−1.23 based on ISIC three digit for Japan and−2.08 based on HS six digit and−1.10 based on ISIC three
digit for Korea. However, all the results suggest that a decline in the relative price between imported and domestically produced
goods would tend to raise the demand for imported goods in all the three countries, especially in China.
We then analyze different consumer behaviors of pursuing import and domestic goods. By doing so, the expenditure elasticities
of import and domestic goods from Eqs. (8) and (9) are derived. As reported in Table 6, the average expenditure elasticities of
imported goods are 1.061, 1.189 and 1.571 respectively for China, Japan and Korea, and the corresponding average expenditure
elasticities of domestically produced goods are 0.995, 0.992 and 0.903. These results mean that imported goods are on average
luxurious, but domestically produced goods necessity.
Table 6
Price and expenditure elasticities for domestic and imported goods.
Type of goods Average price elasticity Average expenditure elasticity Nature of goods
China Imports −1.976 1.061 Luxury
Domestic – 0.995 Necessity
Japan Imports −0.357 1.189 Luxury
Domestic – 0.992 Necessity
Korea Imports −0.708 1.571 Luxury
Domestic – 0.903 Necessity
Table 5
Misspecification tests of GMM estimation.
Coun. Equation
system
Instruments lagged one period Instruments lagged two periods
Ljung–Box (2) Ljung–Box (5) ARCH (2) LM ARCH (4) LM Ljung–Box (2) Ljung–Box (5) ARCH (2) LM ARCH (4) LM
China Eq. (1) 0.127 0.162 0.038 0.093 0.122 0.199 0.061 0.156
[0.938] [0.999] [0.981] [0.999] [0.941] [0.999] [0.970] [0.997]
Eq. (2) 24.543 90.177 86.616 89.626 59.003 150.29 98.713 100.93
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
Eq. (1) 0.130 0.166 0.037 0.093 0.127 0.209 0.062 0.158
[0.937] [0.999] [0.982] [0.999] [0.939] [0.999] [0.970] [0.997]
Eq. (2) 26.301 94.984 87.560 90.712 59.527 153.65 99.284 100.45
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
Japan Eq. (1) 1.4422 3.4134 0.115 0.242 2.519 6.446 0.258 0.511
[0.486] [0.637] [0.944] [0.993] [0.284] [0.265] [0.879] [0.972]
Eq. (2) 1.005 3.415 0.512 0.760 0.898 3.814 0.596 0.885
[0.605] [0.636] [0.774] [0.944] [0.638] [0.577] [0.742] [0.927]
Eq. (1) 1.820 4.349 0.158 0.327 2.674 6.681 0.280 0.555
[0.402] [0.500] [0.924] [0.988] [0.263] [0.245] [0.869] [0.968]
Eq. (2) 2.679 3.192 0.078 0.109 0.939 3.710 0.582 0.846
[0.262] [0.670] [0.962] [0.999] [0.625] [0.592] [0.748] [0.932]
Korea Eq. (1) 2.076 2.515 0.138 0.354 1.966 2.423 0.103 0.272
[0.354] [0.774] [0.933] [0.986] [0.374] [0.788] [0.950] [0.992]
Eq. (2) 0.175 0.753 0.018 0.029 0.354 1.174 0.023 0.037
[0.916] [0.980] [0.991] [0.999] [0.838] [0.947] [0.989] [0.999]
Eq. (1) 0.008 0.474 0.088 0.161 0.082 1.586 0.187 0.337
[0.996] [0.993] [0.991] [0.997] [0.960] [0.903] [0.911] [0.987]
Eq. (2) 0.128 0.832 0.041 0.081 0.532 1.514 0.029 0.046
[0.938] [0.975] [0.980] [0.999] [0.766] [0.912] [0.986] [0.999]
Notes: Numbers in square brackets stand for p-values.
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Next, we continue to analyze the characters of consumer behavior. China has the largest IES and modified IES of both import
and domestic consumptions, partly because Chinese consumers have stronger precautionary savings motivation than their
Japanese or Korean counterparts (Table 7). As seen in Fig. 4, the average per-capita disposable income in China is significantly less
than that in Korea and Japan. That is to say the Chinese residents' consumption ability is significantly lower than the Japanese and
Koreans. Moreover, the Chinese government reduced the bank deposit rate eight times from the late 1990s. It also implemented a
series of income redistribution policies and expansionary fiscal policy from 1998. These policies had significant stimulating effects
on domestic demand, leading to an increase of the consumption/GDP ratio during 1998–2000 (Fig. 5).
After 2000, however, the consumption/GDP ratio declined sharply, from 46% in 2001 to 35% by 2009. In contrast, the
respective Japanese and Korean consumption/DGP ratios were 53% and 56%, which were relatively stable and significantly higher
than that of China. As to the savings/GDP ratio, Japanese and Korean households had reduced their savings appreciably, and even
the savings/GDP ratio of Korean households was far below the peak reached in 1998. In China, lack of insurance and medical care,
high cost of high education, and credit market imperfections were key factors holding back household consumption. This means
that Chinese households are more cautious in current consumption, leading to higher savings compared to their Japanese and
Korean counterparts.
Furthermore, the IES of import consumption is larger than that of domestic consumption, because domestic goods act as a
necessity, while imported goods as a luxury. However, habit formation of domestic consumption is larger than import consumption,
and imported goods for China even present some durability.
Constantinides (1990) argues that habit formation introduces a gap between IES and modified IES, and modified IES is about
one fourth of the size of IES, while Naik and Moore (1996) find the gap between the two elasticities to be about one half.
Moreover, Ferson and Constantinides (1991) and Ogaki and Park (1997) point out that a relatively lowmodified IES is compatible
with a relatively high IES when habit formation is allowed. Croix and Urbain (1998) show that IES of domestic consumption is
five times larger than the modified IES and IES of import consumption is nearly three times larger than the modified IES for the
USA.
Our estimated results prove that IES of domestic consumption is nearly nine times as large as the modified IES, while the two
elasticities of import consumption are almost the same for China. But for Japan and Korea, IES of import consumption is about
two times larger than the modified IES. The results reveal that habit formation plays an essential role in affecting consumer
behavior.
Fig. 4. The ratio of average per capita disposable income.
Table 7
Comparisons of consumer behavior in different countries.
Type of consumption China Japan Korea
IES of imports 2.066 0.326 0.621
IES of domestic 1.937 0.271 0.357
Interperiod elasticity of substitution 0.938 0.832 0.575
Modified IES of imports 2.482 0.104 0.208
Modified IES of domestic 0.221 0.032 0.037
Modified intraperiod elasticity of substitution 0.089 0.306 0.178
Habit formation of imports −0.103 0.395 0.385
Habit formation of domestic 0.611 0.604 0.626
Relationship import/domestic Complement Substitute Substitute
Notes: IES = intertemporal elasticity of substitution, AES = intratemporal (or intraperiod) elasticity of substitution between imports and domestic goods.
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Finally, whether import consumption crowds out domestic consumption needs to be addressed. The modified IES of
domestic consumption (1=~ρ) is 0.221 and the AES (~υ=~ρ) is 0.089 for China (Table 7). IES is greater than AES (1=~ρ > ~υ=~ρ). The
results support the argument that imports and domestically produced goods are complements rather than substitutes in China.
This has a critical policy implication as far as currency appreciation is concerned, as it implies that imported goods may have
little crowding out effect on domestically produced goods caused by a decline in the relative price between these two types of
goods.
However, due to the high IES of domestic consumption and the existence of habit formation, intertemporal consumption
optimization implies that a decline in intratemporal consumption would increase the implied per-capita income, which would
increase the demand for imported goods as well as domestic goods in the current period through an income effect. The bigger IES,
the more will be allocated in the current period at the expense of future consumption. This is oppositive to the substitution effect.
Since IES is bigger than AES, resulting substitution effect is critically diluted by income effect. In addition, imported goods present
some durability and substitute little for domestic goods in China. That is also why the modified AES is only 0.089 for China as
compared to 0.306 for Japan and 0.178 for Korea. Thus domestic consumption is little influenced by intratemporal optimality
choice when the relative price of imports and domestically-produced goods declines. This is why imports and domestic
consumptions act as complements to each other.
In contrast, IES is smaller than AES in Japan and Korea, implying that import and domestic consumptions are substitutes in
both countries. This may be explained as follows. Firstly, as Japan and Korea have a good medical and insurance system, Japanese
and Korean consumers are more willing to consume in the current period and make less savings than their Chinese counterparts.
As a result, IES and modified IES in Japan and Korea are smaller than those in China. Therefore, the intertemporal substitution
effect in Japan and Korea is not as strong as in China. Secondly, Table 7 shows that the average expenditure elasticities of import
consumption in Japan and Korea are greater than that in China, indicating that Japanese and Korean consumers would
spend more on imported goods than their Chinese counterparts as a result of rising per capita incomes. Thirdly, the ratio of
average per-capita disposable incomes between China and Japan was only about 2.8% and that between China and Korea 20% in
2009 (Fig. 4). This means that a decline in the relative price between imported and domestically produced goods would sharply
raise import consumption in Japan and Korea due to an income effect, strongly crowding out domestic consumption because of an
intratemporal optimality choice. That is also why the modified AES in Japan and Korea are much greater than in China.
6. Conclusion
In this paper, we employ a two-good permanent-income model to investigate whether imports crowd out domestic
consumption in China, Japan and Korea.
We take full advantage of the well-developed theory of cointegration to investigate IES of both import and domestic
consumptions, pursue GMM approach to estimate the habit formation parameters, and calculate the modified IES and modified
AES on habit formation.
The modified IES of domestic consumption are estimated to be 0.221, 0.032 and 0.037 for China, Japan and Korea, respectively,
and the corresponding modified IES of import consumption are 2.482, 0.105 and 0.208. The estimated AES are 0.089, 0.306 and
0.178 respectively for China, Japan and Korea.
As the IES between import and domestic consumptions is greater than the AES in China, it suggests that import and domestic
consumptions are complements. In Japan and Korea, the IES is smaller than the AES, suggesting that import and domestic
Fig. 5. Savings ratio and consumption ratio: 1991–2009.Source: The World Bank.16
16 Saving ratio equals gross saving divided by gross national income, where gross savings are calculated as gross national income less total consumption, plus net
transfers. Consumption ratio equals household final consumption expenditure divided by gross domestic product.
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consumptions are substitutes. These results imply that the crowding out effect of imports on domestic consumption is limited in
China but strong in Japan and Korea.
Three possible explanations are offered for the different results between China and the other two countries. First, China's per
capita income is significantly lower than that in Japan or Korea. This implies that Chinese households' consumption ability is
significantly lower than their Japanese or Korean counterparts. Therefore, the Chinese would like to consume more in current
period as a result of a temporary income increase. Compared to their Chinese counterparts, Japanese and Korean consumers enjoy
smoother consumption over time. Consequently, a decline in the relative price between imported and domestically produced
goods would lead to a rise in implied per-capita income, which would increase the demand for imported goods as well as
domestic goods in the current period through an income effect.
However, as AES is very small in China, the substitution effect of imports on domestic consumption is critically diluted by an
income effect.
Second, since the average expenditure elasticities of import consumption in Japan and Korea are greater than that in China,
compared to their Chinese counterparts, Japanese and Korean consumers tend to spend more on imported goods as a result of
rising per capita disposable incomes.
Third, China has the highest IES of domestic consumption among the three countries. Compared to their Japanese and Korean
counterparts, Chinese consumers tend to consume more domestically produced goods in the current period relative to such future
consumption. In addition, imported goods present some durability, which makes the modified AES as small as 0.089, compared to
0.306 in Japan and 0.178 in Korea. Thus domestic consumption is little impacted by intratemporal optimality choice when the
relative price between imported and domestically produced goods declines.
Our results have striking policy implications for China relating to currency appreciation. As habit formation is an important
element in consumer behavior, it reduces IES in a big scale. This suggests that the modified IES is important for investigating
consumer behavior of intertemporal substitution choice. It also reveals the limitations in the framework introduced by
Ceglowski (1991), Clarida (1994), Amano and Wirjanto (1996) and Xu (2002), where all parameters of habit formation are set to
zero.
Compared with China, domestic consumption in Japan and Korea is more sensitive to the relative price between imported and
domestically produced goods. In addition, our empirical results imply that import and domestic consumptions are complements
for China. Therefore, China should continue to speed up the pace of opening-up and develop international trade. However, one
should not be over optimistic, as the consumption capability of Chinese consumers would depend on a steady increase of their
average disposable incomes. If import consumption contained less luxurious goods compared to domestic consumption, there
would be no difference between imported and domestically produced goods in China. Consequently, intratemporal substitution
effects would increase, reducing the degree of complementarities between import and domestic consumption.
Appreciation of the Chinese currency would have this anticipated effect as it will reduce the relative price between imported
and domestically produced goods. In the short run, the crowding out effect of imports on domestically produced goods may be
limited due to a low intratemporal substitution effect. In the long term, however, the situation may be changed, especially when
per capita income in China rises. In that case, China's consumption habit may approach that of Japan's or Korea's, meaning that the
crowding effect of imports on domestically produced goods will increase over time.
Appendix A
Table a. Unit root test results of variable ln 1−βγEt Dtþ1−γDtDt−γDt−1
 	−ρh i
.
Coun. γ ρ=0.5 ρ=1.5 ρ=2.5 ρ=3.5
ADF PP ADF PP ADF PP ADF PP
China −0.7 −2.94 −7.32 −2.82 −7.39 −2.82 −7.38 −2.89 −7.50
−0.4 −3.41 −9.04 −3.22 −9.28 −3.06 −9.34 −3.26 −9.39
−0.2 −3.15 −12.45 −2.87 −12.47 −2.67 −13.58 −2.62 −13.32
0.2 −2.88 −21.70 −4.21 −24.78 −3.74 −24.53 −3.43 −23.98
0.4 −2.01 −17.69 −3.11 −28.60 −3.87 −31.51 −4.04 −32.14
0.7 −2.57 −14.10 −1.56 −15.83 −2.48 −20.60 −2.52 −24.18
Japan −0.7 −5.27 −7.21 −6.38 −8.92 −6.70 −9.49 −6.73 −9.71
−0.4 −7.39 −4.56 −10.45 −7.17 −4.70 −8.04 −5.00 −8.35
−0.2 −4.24 −3.08 −7.48 −5.09 −8.76 −6.27 −9.35 −6.97
0.2 −2.21 −32.40 −3.39 −54.29 −4.24 −63.31 −4.02 −64.19
0.4 −14.59 −14.62 −2.44 −41.91 −3.24 −54.40 −2.89 −63.06
0.7 −11.02 −10.67 −15.20 −12.44 −3.65 −19.62 −3.47 −17.15
Korea −0.7 −3.39 −21.79 −3.39 −19.38 −3.31 −20.67 −3.40 −18.60
−0.4 −3.09 −21.21 −3.10 −22.61 −3.14 −23.48 −3.13 −29.08
−0.2 −2.82 −26.96 −2.79 −24.57 −2.90 −34.72 −2.74 −24.57
0.2 −2.80 −55.39 −2.86 −49.35 −2.87 −61.46 −2.93 −53.55
0.4 −2.68 −24.31 −3.01 −44.23 −3.16 −48.20 −3.17 −48.81
0.7 −1.07 −14.42 −20.18 −20.09 −2.70 −25.00 −2.95 −44.55
Notes: ADF test based on constant, non-trend and lag order selected by SC criterion, 10%, 5% and 1% critical values are respectively 2.58,−2.88 and−3.47; PP test
based on constant, non-trend and bandwidth selected by Newey–West, 10%, 5% and 1% critical are respectively 2.57, −2.88 and −3.46.
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a. Correspondence of SITC to BEC.
SITC code BEC code SITC code BcpeEC code SITC code BEC code SITC code BEC code SITC code BEC code
012.4 121 421.59 122 591.41 63 762.81 41 881.13 42
022.49 121 421.61 121 591.49 63 762.82 41 881.31 41
034.19 122 421.69 122 629.11 63 762.89 41 881.33 41
035.12 122 421.71 121 634.51 22 763.82 41 881.34 42
036.2 112 421.79 122 634.52 22 773.13 53 881.35 41
054.81 112 422.21 121 634.53 22 773.24 42 881.36 42
054.83 112 422.31 121 634.59 22 774.23 42 884.11 63
058.31 112 422.41 121 642.32 63 774.29 42 884.21 22
058.32 112 525.17 21 642.35 63 778.22 42 884.22 22
058.39 112 541.91 22 658.21 22 778.24 42 891.21 42
061.92 122 542.11 22 663.13 63 778.33 53 891.22 22
072.5 21 542.12 22 664.11 21 781.1 522 891.23 22
073.2 121 542.21 22 667.13 22 812.19 42 891.93 22
074.32 122 542.22 22 695.45 62 813.13 62 891.95 22
081.51 21 542.31 22 699.78 22 821.14 41 892.89 22
081.52 21 542.91 22 724.39 42 821.18 41 894.23 22
081.53 21 554.21 22 735.11 42 821.31 41 894.35 41
081.95 63 554.23 22 735.13 42 821.39 41 894.37 63
098.94 121 579.1 21 735.15 42 821.51 41 894.39 41
222.7 111 579.2 21 741.51 61 841.51 62 895.22 22
277.19 22 579.3 21 745.32 62 841.59 62 896.11 22
292.72 21 579.9 21 751.21 62 843.71 62 899.39 22
421.19 122 591.1 63 761.2 41 843.79 62
421.39 122 591.2 63 762.11 53 848.48 22
421.51 121 591.3 63 762.12 53 881.12 42
Note: United Nations Statistics Division website provides the detail of correspondence of Standard International Trade Classification (SITC), Revision 3 to
Broad Economic Categorie (BEC). Website: http://unstats.un.org/unsd/cr/registry/regdnld.asp?Lg=1.
b. Correspondence of BEC with the basic classes of goods in the SNA.
BEC Code The classification by broad
economic categories (BEC)
Basic classes of
goods in the SNA
BEC
code
The classification by broad
economic categories (BEC)
Basic classes of goods
in the SNA
1 Food and beverages 4 Capital goods (except transport
equipment), and parts and
accessories thereof
11 Primary 41 Capital goods (except transport
equipment)
Capital goods
Coun. δ υ=0.5 υ=1.5 υ=2.5 υ=3.5
ADF PP ADF PP ADF PP ADF PP
China −0.7 −2.61 −19.43 −5.02 −28.87 −5.25 −30.31 −5.47 −30.56
−0.4 −2.20 −18.51 −5.66 −30.78 −5.96 −34.16 −6.00 −32.43
−0.2 −3.27 −18.31 −4.28 32.00 −4.54 −36.96 −4.76 −45.48
0.2 −12.18 −15.09 −5.55 −21.27 −3.46 −30.86 −3.04 −38.60
0.4 −11.08 −14.34 −3.31 −17.54 −2.23 −20.22 −2.46 −24.55
0.7 −3.26 −8.00 −1.34 −14.27 −2.85 −17.54 −12.03 −16.43
Japan −0.7 −10.34 −5.82 −8.68 −7.17 −9.01 −7.40 −9.14 −7.47
−0.4 −7.19 −4.34 −9.45 −6.55 −10.11 −7.02 −10.39 7.43
−0.2 −4.54 −4.18 −7.29 −5.16 −8.16 −6.28 −8.68 −6.84
0.2 −2.73 −26.38 −14.78 −29.47 −11.61 −54.46 −12.30 −58.10
0.4 −14.43 −14.27 −2.18 −30.74 −16.11 −16.11 −13.64 −21.98
0.7 −2.72 −6.09 −14.84 −18.42 −18.40 −20.07 −13.50 −20.74
Korea −0.7 −4.72 −11.09 −4.86 −11.53 −6.50 −11.73 −4.86 −11.69
−0.4 −12.09 −12.89 −12.34 −13.69 −12.33 −13.85 −12.35 −13.59
−0.2 −12.14 −15.01 −12.57 −16.43 −12.74 −16.94 −12.69 −17.08
0.2 −12.53 −17.90 −14.54 −24.31 −14.84 −27.10 −14.98 −29.89
0.4 −15.83 −15.90 −14.93 −25.15 −15.91 −30.46 −16.27 −38.00
0.7 −1.07 −7.07 −14.67 −14.64 −17.94 −20.26 −18.45 −18.61
The empirical evidence in the table (a and b) supports that the two variables are both stationary, or I(0).
(continued on next page)
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(continued)111 Mainly for industry Intermediate goods 42 Parts and accessories Intermediate goods
112 Mainly for household
consumption
Consumption goods 5 Transport equipment, and parts
and accessories thereof
12 Processed 51 Passenger motor cars See below
121 Mainly for industry Intermediate goods 52 Other
122 Mainly for household
consumption
Consumption goods 521 Industrial Capital goods
2 Industrial supplies not
elsewhere specified
522 Non-industrial Consumption goods
21 Primary Intermediate goods 53 Parts and accessories
22 Processed Intermediate goods 6 Consumer goods not elsewhere
specified
3 Fuels and lubricants 61 Durable Consumption goods
31 Primary Intermediate goods 62 Semi-durable Consumption goods
32 Processed 63 Non-durable Consumption goods
321 Motor spirit See below 7 Goods not elsewhere specified See below
322 Other Intermediate goods
Note: (1) The above groupings include only 16 of the 19 BEC basic categories as categories. 321 Motor spirit, 51 Passenger motor cars and 7 Goods not elsewhere
specified, are omitted. Category 321 Motor spirit and Category 51 Passenger motor cars are used extensively both for industry and for household consumption.
Category 7 Goods not elsewhere specified, includes among other commodities, a range of military equipment, postal packages and special transactions and
commodities not classified according to kind and can be a mix of the SNA classes of goods. These three BEC categories are of particular importance in
international trade and of great interest to economists and others studying international flows of commodities.
(2) United Nations Statistics Division website provides the detail of correspondence of Broad Economic Categorie (BEC) with the basic classes of goods in the
System of National Accounts (SNA). Website: http://unstats.un.org/unsd/cr/registry/regdnld.asp?Lg=1.
Appendix B (continued)
b. Correspondence of BEC with the basic classes of goods in the SNA.
BEC Code The classification by broad
economic categories (BEC)
Basic classes of
goods in the SNA
BEC
code
The classification by broad
economic categories (BEC)
Basic classes of goods
in the SNA
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